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We performed a polarized Raman scattering study of quasi-one-dimensional superconductor 
K2CrsAs3. We detect two A[ phonons and three E' phonons. One of the A[ modes exhibits a 
nearly temperature-independent Fano lineshape. Based on our first-principles calculations, we as¬ 
cribe this mode to the in-phase vibrations of Cr atoms within one layer. This observation strongly 
suggests that the magnetic fluctuations in K 2 Cr 3 As3 are coupled to the electronic structure via the 
lattice. 
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Superconductivity in conventional materials is medi¬ 
ated by the electron-phonon interaction. When the 
electron-phonon coupling is strong enough, the spectral 
lineshape of Raman phonon excitations is characterized 
by an asymmetric profile called Fano lineshape [1]. De¬ 
spite a superconducting transition temperature (T c ) up 
to 6.1 K comparable to that of conventional supercon¬ 
ductors, the recently discovered quasi-one-dimensional 
superconductors A2CT3AS3 (A = K, Rb, Cs) have ex¬ 
otic properties that tentatively earned them the label of 
unconventional superconductors [2-4], such as an abnor¬ 
mal power law divergence of the 75 As nuclear spin lattice 
relaxation rate near T c [5]. Penetration depth measure¬ 
ments suggest a nodal line in the superconducting gap [6] 
and a large zero temperature upper critical field H c 2(0) 
compared to the Pauli limit has been attributed to a spin 
triplet p -wave pairing [2] , in agreement with a theoretical 
study revealing strong ferromagnetic fluctuations caused 
by the frustration of Cr moments within one layer [7]. 
Interestingly, CrAs itself exhibits superconductivity in 
proximity to a magnetic instability [8]. Moreover, theo¬ 
retical calculations of the electronic density-of-states in¬ 
dicate a sizable renormalization factor in K2CT3AS3 com¬ 
patible with a large specific heat coefficient [2], suggest¬ 
ing significant electron correlations [9, 10]. However, al¬ 
though some evidences push towards unconventional su¬ 
perconductivity in K2CrsAs3, this view is not universally 
accepted [11] and whether the electron-phonon interac¬ 
tion plays a key role in this material remains an open 
question. 

In this Letter, we report a polarized Raman scat¬ 
tering study of K2Cr3As3. We identify two and three 
phonon modes with the A[ and E' symmetries, respec¬ 
tively. Surprisingly, one of the A[ phonons exhibits a 
Fano lineshape, nearly temperature-independent from 6 
K to room temperature, which is characterized by a cou¬ 
pling strength factor 1 /q = —0.29. Our theoretical anal¬ 
ysis indicates that this mode involves the in-plane move¬ 
ment of the Cr atoms, which directly modulates the Cr- 
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FIG. 1. (Color online) (a) Unit cell of K 2 Cr3As3. (b) Micro¬ 
scope photo of the ac surface of a measured K 2 CrsAs3 sample, 
(c) Optical setup and choice of crystallographic and labora¬ 
tory coordinates, (d) Magnetic susceptibility of one sample 
from the same batch. 


Cr bonding identified to be critical to the magnetic fluc¬ 
tuations in this system. Although we cannot rule out 
a direct electron-phonon coupling in K 2 Cr 3 As3, our re¬ 
sults are rather suggestive of a lattice-mediated coupling 
between electrons and magnetic fluctuations. 

The K2Cr3As3 single crystals used in this Raman study 
have been synthesized by a self-flux method [2]. The 
needle-like samples have a typical size of 0.1 xO.l x3 mm 3 . 
The crystal structure belongs to the space group P6m2 
(point group D3/J, with the needle direction coinciding 
with the c axis (Figs. l(a)-l(c)). Magnetic susceptibility 
measurements indicate that T c is 6.1 K (Fig. 1(d)). The 
samples were prepared and cleaved in Ar or N2 atmo¬ 
sphere and moved into vacuum conditions without any 
exposure to air. The freshly cleaved single crystals have 
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been measured in a back-scattering geometry from the ac 
and be surfaces (Figs. 1(b) and 1(c)). We used the 488 
and 514 nm lines of Ar-Kr ion laser to focus a spot smaller 
than 5x5 /im 2 by using a microscope with the total in¬ 
cident power less than 0.25 mW. The Raman scatter¬ 
ing signal was analyzed by a Horiba Jobin Yvon T64000 
spectrometer and collected by a liquid N 2 cooled CCD 
detector. The data were corrected for the CCD dark 
current and the luminescence background determined by 
extrapolating the featureless linear spectra between 400 
to 750 cm -1 . The temperature dependent measurements 
from 6 K to 300 K were performed in a Janis liquid 
helium flow cryostat in a working vacuum better than 
2xl0 -6 mbar. The Raman spectra were obtained in all 
informative back-scattering configurations, which corre¬ 
spond to e l e s = XX, ZZ and XZ. Here e l and e s are the 
polarizations of the incident and scattered light defined 
in the laboratory coordinates, with X and Z correspond¬ 
ing to the crystallographic axes a and c, respectively, and 
Y oriented at 30 degrees from the b axis (Fig. 1(c)). 

We also performed first-principles calculations using 
the projector augmented wave (PAW) method encoded 
in the Vienna ab initio simulation package (VASP) [12- 
14] and the generalized-gradient approximation (GGA) 
[15] for the exchange correlation functions. The cutoff 
energy was set to be 500 eV and the number of k points 
was set to 2 x 2 x 5 for a 2 x 2 x 2 supercell. The real-space 
force constants of the supercells were calculated in the 
density-functional perturbation theory (DFPT) [16] and 
the phonon frequencies were calculated from the force 
constants using the PHONOPY code [17]. As the Cr- 
Cr bond lengths are underestimated after relaxation of 
the lattice [10], which may be related to the strong spin 
fluctuations in this material, all phonon modes were cal¬ 
culated using the experimental lattice parameters [2]. 

With two formulas in one unit cell (i.e. 16 atoms), 
K 2 CrsAs 3 is characterized by 48 phonon vibrational 
modes at the Brillouin zone (BZ) center (T point). A 
group theory analysis shows that the corresponding irre¬ 
ducible representations are: [AJj + E'] + [5 A[ + 10 E' + 
5 E"] + [5 A' 2 + 5 A 2 ], where the first, second and third 
terms are the acoustic, Raman active and infrared active 
modes, respectively. The corresponding Raman tensors 
in the laboratory coordinates are [18]: 
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FIG. 2. (Color online) Raman susceptibility at 300 K mea¬ 
sured under different polarization configurations with 488 nm 
laser excitation. Each peak can be fitted by a Lorentz or 
a Fano function for the spectra under XX and ZZ polariza¬ 
tions. The individual peak functions are represented by blue 
curves while the red curves represent the resulting fitted spec¬ 
tra. The squares at the panel top represent the calculated BZ 
center phonon energies (see Table I) . From top to bottom are 
the calculated results for the A 7 , E 7 and E 77 modes, respec¬ 
tively. Inset: Raman susceptibility at 300 K under different 
polarizations with 514 nm laser excitation. 


Here a, 6, c and d refer to Raman tensor elements. The 
XX polarization can couple to A[ and E 7 modes, whereas 
the ZZ and XZ polarizations only couple to A[ and E 77 
modes, respectively. 

The Raman response in the XX, ZZ and XZ polariza¬ 
tion configurations recorded at room temperature under 
488 nm laser excitation are plotted in Fig. 2. Similar 
results are obtained using the 514 nm laser excitation, 
as shown in the inset of Fig. 2. In the XX polariza¬ 
tion we identify 5 Raman active modes at 115.7 cm -1 , 
154.1 cm -1 , 192.1 cm -1 , 267.0 cm -1 and 311.0 cm -1 . 
In order to separate the phonon modes with A[ and E 7 
symmetries, we also recorded a spectrum in the ZZ po¬ 
larization. In the ZZ polarization, the 192.1 cm -1 and 
the 267.0 cm -1 peaks remain while the other three dis¬ 
appear. We thus conclude that the 192.1 cm -1 (A 7 ^)) 
and the 267.0 cm -1 (AJ_( 2 )) peaks have the A[ symme¬ 
try whereas the 115.7 cm -1 (E^), 192.1 cm _1 (E| 2 ^) and 
311.0 cm _1 (E 7 ^) peaks are characterized by the E 7 sym¬ 
metry. We also notice that the amplitude of A 7 1 ( 2 ) in¬ 
creases in the ZZ polarization as compared to the XX po¬ 
larization, in contrast to the amplitude of the A 7 ^) mode 
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FIG. 3. (Color online) (a) and (b) Intensity plot of the the temperature dependence of the Raman susceptibility under XX and 
ZZ polarizations, respectively, (c)-(f) Temperature evolution of the phonon energies and the line widths of the EA), E( 2 ), A^i) 
and A / 1 ( 2 ) peaks from the fitting of the data in (a) and (b) by eq. (1). (g) and (h) Atomic displacements in the CrAs tube of 
the A^ (!) and A / 1 ( 2 ) modes, respectively, from top view and side view, (i) Zoom of the Raman response function and the Fano 
fitting curve of the A / 1 ( 2 ) phonon peak at representative temperatures, (j) Temperature dependence of the electron-phonon 
coupling strength 1/q by fitting data in (b) by eq. (1). 


which decreases in the XX polarized spectrum. This is 
due to the strong ID character of K 2 Cr 3 As 3 , which leads 
to a strong anisotropy of the a and b terms in the Raman 
tensor. Despite their Raman activity under XZ polariza¬ 
tion, no E" symmetry mode is observed. 

Although the symmetries of the Raman modes ob¬ 
served can be identified experimentally with certainty, 
their assignments to precise vibrational modes is not al¬ 
ways unique as some discrepancies are observed between 
the experimental phonon energies and the calculated val¬ 
ues at the T point, which are given in Table. I. The calcu¬ 
lated energies are also indicated by squares at the top of 
Fig. 1. By taking into account the peak symmetries and 
their proximity in energy with the calculated values, we 
tentatively assign E^, E^ and E'^ to phonons No. 6, 
No. 11 and No. 20, respectively, while we assign A'^) 
and A / 1 ( 2 ) to phonons No. 14 and No. 18, respectively. As 
we will discuss below, one possible candidate to explain 
the discrepancies between experiments and calculations 
is the presence of a magneto-elastic coupling, which is 
neglected in the calculations. 

In contrast to all the other peaks observed, the AJ_( 2 ) 
feature has a quite asymmetric lineshape. In Fig. 2 we 
show that the Raman response in the XX and ZZ polar¬ 
ization configurations can be fitted by the equation: 

x"M = Sj TiL(w,Ui,Ti) +T F F (u,u) F ,T F ,q) (1) 


where L (u>, Tj) = ^_J ? * 2+r a is the Lorentz func- 
tion characteristic of the normal phonon modes and 
F(u),u) F ,T F ,q )= [“)!] wi th is the 

Fano function [1] well suited for the asymmetric peak 
at 267 cm -1 (A^))- Here T^(Tp) is the amplitude of 
the i th phonon mode, while and r^T^) are the 

bare phonon energy and line width, respectively. The 
1/q value is commonly used in Raman spectroscopy as a 
measure of the electron-phonon coupling strength, such 
as in the cuprates [19, 20], the Fe-based superconduc¬ 
tors [20, 21] and the Bi-based superconductors [22]. For 
K 2 Cr 3 As 3 we get 1/q = - 0.29 ± 0.03 from the spectrum 
of ZZ polarization at 300 K. We estimate the electron- 
phonon coupling strength A = 0.054 from the Allen for¬ 
mula [23] using the Aj_( 2 ) phonon at 6 K, with a density- 
of-states at the Fermi level 7V(0) = 18 eV -1 per unit 
cell [7]. Although measurements below T c and a complete 
knowledge of all the phonon modes would be necessary 
to make a conclusive statement, the contribution of the 
A / 1 ( 2 ) mode to A = 0.054 is too small to afford for the T c 
of this material within the BCS picture. 

We show in Figs. 3(a) and 3(b) the temperature evo¬ 
lution from 6 K to 300 K of the intensity plot of the 
phonon spectra obtained with 488 nm laser excitation in 
the XX and ZZ polarization configurations. The spec¬ 
tra at all temperatures are qualitatively similar to the 
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TABLE I. Raman active phonon energy at T by calculation 
and experiment at 300 K and the atoms primarily involved. 


No. Sym. Cal. (cm x ) 

Exp. (cm -1 ) 

Main atoms involved 

1 

E' 

30.648 

- 

Cri,Cr 2 

2 

E' 

71.304 

- 

Ki,Cr 2 ,Asi 

3 

E" 

71.528 

- 

Ki 

4 

E' 

82.203 

- 

Ki,K 2 ,Cri,As 2 

5 

E" 

92.773 

- 

Ki,Cr 2 ,As 2 

6 

E' 

100.731 

115.7 

k 1? k 2 

7 

E" 

113.377 

- 

Ki,Cri,Asi 

8 

K 

120.945 

- 

Ki 

9 

K 

142.218 

- 

Ki,Cn,Cr 2 

10 

E' 

145.631 

- 

Ki,K 2 ,Asi 

11 

E' 

154.749 

154.1 

Ki,Cr 2 ,Asi 

12 

E' 

160.606 

- 

Asi ,As 2 

13 

E' 

171.732 

- 

Ki,Cri,Cr 2 

14 

K 

203.121 

192.1 

Asi,As 2 

15 

K 

214.914 

- 

Cri,Cr 2 ,Asi,As 2 

16 

E" 

232.367 

- 

Cr 2 

17 

E" 

251.674 

- 

Cn 

18 

K 

255.194 

267.0 

Cri,Cr 2 

19 

E' 

302.336 

- 

Cri,As 2 

20 

E' 

308.602 

311.0 

Cr 2 ,Asi 


The subscript numbers of atoms refer to the two equivalent 
layers, as shown in Fig. 3(g). 


data recorded at 300 K. The phonon energies Ui and line 
widths Ti obtained by fitting the data to eq. (1) for E^, 
and are plotted in Figs. 3(c)-3(f). The Raman 
response function of the unusual A[ ( 2 ) phonon under YY 
polarization and the fitting curve at representative tem¬ 
peratures are shown in Fig. 3(i). A distorted lineshape 
is observed at all temperatures. Indeed, Fig. 3(j) shows 
that the coupling constant 1/q extracted from the fits 
varies only a little with temperature. 

Although we cannot exclude that the Fano lineshape 
of the Aj( 2 ) phonon is purely due to the electron-phonon 
coupling, many indications suggest that a coupling be¬ 


tween the lattice and magnetic fluctuations is involved. 
As mentioned above, the experimental phonon energies 
are particularly difficult to reproduce from the calcu¬ 
lations, possibly due to the influence of magnetic fluc¬ 
tuations. Additional information can be deduced from 
the spectral lineshape of the various Raman peaks. In 
Figs. 3(g) and 3(h), we illustrate the vibration configura¬ 
tion of the sharp and symmetric phonon peak and 

that of the broader and asymmetric A^( 2 ) phonon mode, 
respectively. Unlike the A'^) mode that mainly involves 
in-phase co-planar vibrations of the As atoms, the AJ_( 2 ) 
mode involves mainly the in-phase co-planar vibrations 
of the Cr atoms. Consequently, the latter vibration mode 
has a much stronger impact on the intra-layer Cr-Cr 
bonding. Interestingly, a recent theoretical study indi¬ 
cates that the next-neighbor Cr-Cr exchange interaction 
is by far the strongest in this system [10], and the modu¬ 
lation of the Cr-Cr intra-layer distance should thus lead 
to the strongest magneto-elastic effect. The importance 
of the intra-layer Cr-Cr distance is also supported by the 
sensitivity of superconductivity to isovalent substitution 
of K with larger Cs [3] or Rb [4] atoms, and to applying 
hydrostatic or uniaxial pressure [24]. Even though our 
results do not allow us to comment directly on the uncon¬ 
ventional nature of superconductivity in K 2 CrsAs 3 , they 
certainly suggest that the magnetic fluctuations reported 
in this system are coupled to the electronic structure via 
lattice vibrations, which may be of crucial importance in 
elaborating models for superconductivity in this mate¬ 
rial. 
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